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SUMMARY  

The climate of the Southwest U.S., including Utah, is highly variable and strongly influenced by 
topographic contrasts as well as the mid-latitude storm track, the North American monsoon, and 
proximity to the Pacific Ocean, Gulf of California, and Gulf of Mexico. Utah historical weather records from 
1950 to 2017 show that average temperatures increased by about 2°F with only modest changes in 
average annual precipitation. However, precipitation varies substantially by season and year-to-year 
across Utah depending on exposure to the mid-latitude westerly storm track during the cool season, the 
monsoon circulation during the warm season, and elevation. Observed Snow Water Equivalent (SWE) 
records show a decreasing trend of snowpack over time, and the rates ƻŦ ŎƘŀƴƎŜ ƛƴ ǎƻǳǘƘŜǊƴ ¦ǘŀƘΩǎ 
SNOTEL stations are significantly higher than in the north. Utah has frequently experienced droughts and 
flash floods in the past.  

The majority of regional future climate studies indicate that average temperatures in Utah may increase 
by 3 to 6°F by 2060s and 4 to 10°F by the end of current century. The precipitation projections have an 
uncertainty range with changes spanning from (-5) to 10% by 2060s and (-10) to +5% by the end of the 
current century. The projections indicate significant seasonal variability in temperature and precipitation. 
The climate models predict an increase in the fraction of precipitation falling as rain rather than snow. 
SWE values are projected to be reduced by about 10 to 15% by 2060s and up to 30% by the end of current 
century. The compounded effects of changes in precipitation type, escalated warming, and changes in 
snowmelt timing will lead to shifts in the timing of spring runoff by one to three weeks by 2060s and about 
four weeks by the end of the current century. Frequent extreme weather events related to changing 
climate could result in heat waves, heavy precipitation, droughts, and floods. The projected increase in 
the intensity of naturally occurring droughts could escalate the occurrence and severity of wildfires. The 
magnitude of changes and impacts will vary locally with climatic regions in the state and are often difficult 
to predict. 

Changing climate will alter the hydrologic cycle and will have direct and indirect impacts on both water 
availability and demand. On the supply side, many components of the water cycle including rate of 
evapotranspiration, snow hydrology processes, timing of streamflow, reservoir inflow and storage, and  
groundwater recharge rates will be directly impacted by climate change and climate variability. On the 
demand side, all sectors of water demand including residential, industrial, institutional, agricultural, and 
ecosystems will be escalated with the warming climate. Among the most significant of these anticipated 
effects, in Utah, are changes in snowpack accumulation and snowmelt, changes in streamflow and timing, 
risks of droughts and flooding events, increased agricultural/outdoor water uses, and increased industrial 
water demand.  

The main objective of this report is to review the historical observations and projected trends of the major 
climate variables, summarize potential ƛƳǇŀŎǘǎ ƻƴ ¦ǘŀƘΩǎ water resource management, and recommend 
adaptations strategies. This report has four sections. Section 1 introduces climate change observations 
from the regional perspective. Section 2 summarizes historical and future climate change trends focusing 
on temperature, precipitation, snowpack, streamflow, extreme weather events and impacts on water 
resource systems. Section 3 summarizes possible adaptation strategies to address the impacts of climate 
change on water resources and management. Section 4 includes a summary and recommendations for 
future work. It is noted that most of the results included in this report draw on data developed by key 
federal agencies including U.S. Geological Survey (USGS), National Oceanic and Atmospheric 
Administration (NOAA), U.S. Environmental Protection Agency (USEPA), and The U.S. Bureau of 
Reclamation (USBR).  
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1. INTRODUCTION 

The fourth U.S. National Climate Assessment (NCA4) report indicates that the U.S. average 
temperature has increased by 1.3 to 1.9°F since record keeping began in 1895 and most of this 
increase has occurred since 1970 (Melillo et al., 2014; USGCRP, 2018). The Western U.S. has 
warmed approximately 2°F over the same period and is projected to warm an additional 5 to 7°F 
during the 21st century (Reclamation, 2016). The climate of the Southwest U.S. is highly varied 
and strongly influenced by topographic and land-surface contrasts, the mid-latitude storm track, 
and the North American monsoon as well as proximity to the Pacific Ocean, Gulf of California, 
and Gulf of Mexico (Sheppard et al. 2002).   

The Southwest including Utah is the hottest and driest region in the U.S. Historical records of 
average annual and maximum temperature show that rates of warming are larger over the 
western U.S. in general, including Utah (Figures 1(a) and 1(b)). The average rates of change in the 
U.S.  vary spatially from north to south with values around 0.50 to 2°F per century. The observed 
rates of change in the winter and the summer seasons (Figures 1(c) and 1(d)) are higher than the 
annual average rates of change. Warming trends have been observed in many river basins in the 
Western U.S. since the 1970s (e.g., lower Colorado River basin) and over the 20th century (e.g., 
Columbia River Basin, Sacramento and San Joaquin River basins, the Rio Grande basin), and the 
observed rates of change are around 5 to 7°F depending on location (Reclamation, 2016).  

The historical annual and winter precipitation trends over the period 1895 to 2016 in the U.S. are 
generally weaker and less extensive than the temperature changes (Figures: 2a and 2b), which is 
consistent with a lack of trend in global land precipitation over the same period. Across most of 
the Southwest, a trend toward more precipitation falling as rain and less as snow is already 
apparent (Knowles et al., 2006). This is being observed both topographically (lower elevations 
receiving less precipitation in the form of snow) and seasonally (a shortening of the snow 
accumulation period). Both wet (i.e., heavy precipitation events) and dry extremes (i.e., length 
of dry spells) are expected to increase substantially throughout the West during the current 
century (Georgakakos et al., 2014).  

Projections of future hydrology suggest that warming and associated loss of snowpack will persist 
over much of the Western U.S. (Hamlet et al., 2005). Streamflow due to snowmelt in many 
snowmelt-fed streams trended toward earlier arrivals from 1950ς1999, likely in response to 
warmer temperatures (Hoerling et al., 2013). It is anticipated that the changes in snow hydrology 
along with severe and sustained drought will stress water resources in the Southwest including 
Utah (Garfin et al., 2013). 

The main objective of this report is to review the historical observations and projected trends of 
ƳŀƧƻǊ ŎƭƛƳŀǘŜ ǾŀǊƛŀōƭŜǎΣ ǎǳƳƳŀǊƛȊŜ ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘǎ ƻƴ ¦ǘŀƘΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƳŀƴŀƎŜƳŜƴǘΣ 
and recommend adaptation strategies. This report presents trends and general statistics of 
climate variables with reference to the prior and posterior of year 2000. The reference year 2000 
is neither motivated by any change point analysis nor holds any physical science meaning. Rather, 
it was chosen for simplicity to assess and highlight changes in the recent decade. Moreover, this 
work is not an exhaustive review on how the climate is changing or what adaptation measures 
can be implemented to address for specific impacts in Utah water sectors. The aim is instead to 
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serve as a first reference document to precede climate and water related studies in the future. 
The next section presents historical and future climate change trends focusing on temperature, 
precipitation, snowpack, streamflow, extreme weather events, and impacts on water resource 
systems.  

 

Figure 1: Historical temperature trends for 1895 to 2017: (a) average annual temperature 
trends, (b) average maximum temperature trends, (c) average temperature trends in winter, 
and (d) average temperature trends in summer. Source: https://www.ncdc.noaa.gov/temp-and-
precip/us-trends/tavg/ann#us-trends-select. 

 

 

Degrees Fahrenheit per Century   
Degrees Fahrenheit per Century   

Degrees Fahrenheit per Century   Degrees Fahrenheit per Century   
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(c)
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Figure 2: Historical precipitation trends for 1895 to 2016: (a) average annual precipitation 
trends, (b) average winter precipitation trends. Source: https://www.ncdc.noaa.gov/temp-and-
precip/us-trends/prcp/ann#us-trends-select. 

2. CLIMATE CHANGE AND IMPACTS ON WATER RESOURCES IN UTAH 

2.1 Temperature Changes: Continue to Rise 

Historical Temperature Change: Average temperature in the western U.S. and Utah increased by 
about 2°F over the last century. Figure 3 presents the historical temperature trends in Utah at an 
annual and monthly time scale (i.e., January, April, and July) from 1950 to 2017. The data used in 
this analysis were downloaded from Western Climate Mapping Initiative (WestMap, 2019). The 
WestMap website hosts monthly PRISM temperature (maximum, mean, and minimum) and 
precipitation data at 4-km resolution.  

The average annual temperature observed in Utah, over the period of 1950 ς2000, was 47.90°F 
with a standard deviation of 1.08°F, whereas the average temperature in the recent years (2000 
ς2017) was 1.3°F higher (Figure 3(a)). Using July to illustrate changes in summer, temperatures 
averaged 2.20°F higher in the period of 2000 ς2017 compared to 1950 ς2000 (Figure 3(d)). There 
was also a rise in winter temperature (here January) of about 1°F in the recent decade as 
compared to the period 1950 ς2000 (Figures 3(b)). In the period 1950 to 2017, the positive trend 
in annual temperature accounts for only 6% of the total variance but is highly statistically 
significant (p < 0.001). The Mann Kendall trend test shows Z = 3.346, p = 0.008, and tau = 0.273, 
indicating a significant increase in annual mean ǘŜƳǇŜǊŀǘǳǊŜΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ {ŜƴΩǎ {ƭƻǇŜ 
of the observed annual average temperatures is 0.0252°F per year or 2.5°F per century. It is noted 
that the results presented here are averaged over the state; however, the rates of change of 
temperature vary seasonally and with elevation. 

In. per Century   In. per Century   

(a) (b) 

https://www.ncdc.noaa.gov/temp-and-precip/us-trends/prcp/ann#us-trends-select
https://www.ncdc.noaa.gov/temp-and-precip/us-trends/prcp/ann#us-trends-select
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Figure 3: Historical temperature trends in Utah for the period 1950 ς2017 based on the PRISM 
climate data: (a) average annual temperature, (b) average temperature in January, (c) average 
temperature in April, and (d) average temperature in July. Data source: 
https://cefa.dri.edu/Westmap/Westmap_home.php?page=timeseries.php.   

Figures 4 (a) and (b) show the number of days per year with extreme hot and cold temperatures 
in Utah. Over the record, the average number of days per year with maximum temperature above 
100°F was about 10.6 days, and with minimum temperature below 0°F was about 8 days. The 
number of extremely hot days per year increased in Utah over the past century (Figure 4a), 
whereas the number of extremely cold days per year decreased (Figure 4b). The trends in 
extreme temperatures in Utah are similar to the observed and projected nationwide trends, 
meaning days of extreme heat could become more frequent and days entirely below freezing 
could become less frequent (USGCRP, 2018). The implications of the extreme temperature events 
as reported in most of the climate studies will have effects on snow fall and snowmelt processes, 
droughts, escalated wildfire risks, and impacts on water supply and demand (USGCRP, 2018). 

(a) (b) 

(c) (d) 

Mean = 47.90 °F, Std. = 1.08 

Mean = 49.20 °F, Std. = 1.05 

Mean = 26.20 °F, Std. = 4.04 

Mean = 27.20 °F, Std. = 4.07 

Mean = 45.40°F, Std. = 3.08 

Mean = 46.40 °F, Std. = 1.92 

Mean = 71.50 °F, Std. = 1.60 

Mean = 73.70 °F,  

Std. = 1.83 



5 | P a g e 
 

 

Figure 4: Observed number of hot and cold days per year for 1900ς2018 averaged over 5-year 
periods. (a) The observed number of extremely hot days: annual number of days with 
maximum temperature at or above 100°F, (b) The observed number of extremely cold days 
with minimum temperature below 0°F. Black horizontal lines indicate averages in each panel. 
Source: https://statesummaries.ncics.org/ut. 

Future Temperature Projections: Most of the Global and Regional climate models project 
increased average annual temperatures across the U.S. and Utah. The results of future 
temperature projections for a moderate and high greenhouse gas emission scenario (i.e., RCP 4.5 
and RCP 8.5, respectively) are presented for the middle and late 21st century in Figure (5) 
(USGCRP, 2018). Projected temperature increases are larger at higher latitudes and also larger 
under higher greenhouse gas emissions compared to lower emissions. Central estimates of this 
continued warming vary from approximately 5 to 7°F depending on location (USGCRP, 2018). 
Several studies have dynamically downscaled UtahΩǎ ŦǳǘǳǊŜ climate using the Weather Research 
and Forecasting (WRF) model under the moderate RCP6.0 greenhouse gas emission scenario 
(Strong et al. 2014; Scalzitti et al., 2016a; Scalzitti et al. 2016b). The studies indicated that by the 
2040s (2035 to 2044) and 2090s (2085 to 2094) average temperatures will increase by 3.60 to 
7.30°F and 5.4 to 10.80°F, respectively (Strong et al., 2017; Khatri et al. 2018). 

Figure 6 presents observed and projected changes in near-surface air temperature for Utah 
together on one graph (Frankson et al, 2017). The results are based on observed data for the 
period 1900ς2014 and projected changes for the period 2006ς2100 from global climate models 
for two possible future scenarios (higher and lower emissions). The results show that 
temperatures in Utah (orange curve) have risen almost 2°F since the beginning of the 20th 
century. The shading in the figure indicates the range of annual temperatures from the set of 
models. Less warming is expected under a lower emissions scenario (green shading; up to 8°F) 
and more warming under a higher emissions scenario (red shading; up to 14°F). It is noted that 
the climate models and projections have ranges of uncertainties, therefore evaluations of 
multiple scenarios and climate models is always recommended prior to any adaptation decision-
making for the water sector.  

(a) 
(b) 
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Figure 5: Changes in temperature observed and projected under a lower and higher 
greenhouse gas emission scenario: (a) observed change for 1986ς2016 relative to 1901ς1960, 
(b & c) projected differences in annual average temperature for mid-century (2036ς2065, 
middle) and (d & e) end-of-century (2070ς2099 relative to the near present (1986ς2015). 
Source: USGCRP (2018). 
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